Abstract
The rice XA21 receptor confers immunity to the Gram-negative bacterial pathogen, Xanthomonas oryzae pv. oryzae (Xoo) upon recognition of the conserved microbial signature AxY S 22 . Here, we demonstrate that the intracellular kinase domain of XA21 translocates to the nucleus upon AxY S 22-mediated perception and that this translocation event is required for XA21-mediated immunity.
Plants and animals perceive conserved microbial signatures via plasma membrane and cytoplasmically localized receptors 1 . Such immune receptors, often called pattern recognition receptors, include animal TLRs (Toll-like receptors) and plant receptor kinases. These receptors require serine-threonine kinases of the non-arginine aspartate (non-RD) subclass to transduce the immune response 2 . Whereas RD kinases are regulated by autophosphorylation of the activation segment, a centrally located loop that sits close to the catalytic center, very little is known about non-RD kinase activation.
In plants, well-studied immune receptors include rice XA21 (Xanthomonas resistance 21), Arabidopsis FLS2 (flagellin sensitive 2) and EFR (elongation factor Tu receptor). In animals, studies have focused on TLR1, 3, 5, 6, 7, 8, and 9, which signal through non-RD interleukin-1 receptor-associated kinases 1 (IRAK1), and TLR3 and TLR4, which signal through non-RD receptor interacting protein 1 (RIP1) kinases [1] [2] [3] . A general theme that has emerged from these studies is that non-RD kinase activity is at least partially dispensable for the innate immune response in both plants and animals 1 and that the kinases function partly as phosphorylationmediated scaffold proteins that recruit different signaling components 3 . Furthermore, for XA21, the inactive state is promoted by autophosphorylation of specific residues in the juxtamembrane domain by an associated ATPase 4 . These results suggest that non-RD kinases are activated in a manner distinctly different from the well-characterized RD kinases. (Myc-XA21) [14] [15] [16] . Here we show that a 70 kDa C-terminal cleavage product, corresponding to the kinase domain fused to cyan fluorescent protein (CFP), is also released after infection of transgenic rice plants carrying a C-terminal CFP-tagged XA21 (XA21-CFP) 17 (data not shown).
To localize the XA21 intracellular domain in vivo, we investigated the cellular distribution of C-terminal green fluorescent protein (GFP) tagged XA21 (XA21-GFP) in rice protoplasts. Consistent with our previous results 15 , XA21-GFP is primarily localized to the plasma membrane in the absence of AxY Because XA21 does not carry a proline-rich domain indicative of intrinsic transcription activity, we hypothesized that the nuclear-localized XA21 interacts with transcription factors to control transcriptional reprogramming. To test hypothesis, we assessed if the rice transcription factor OsWRKY62, which negatively regulates XA21-mediated immunity 18 , interacts with the XA21 intracellular domain in plant cells. Indeed, using bimolecular fluorescence complementation (BiFC) assays, we showed that the XA21 intracellular domain and OsWRKY62 interact exclusively in the nucleus of rice protoplasts (data not shown).
We next assessed whether the nuclear localization of the XA21 intracellular domain is critical for XA21-mediated immunity. For this purpose, we generated transgenic rice plants expressing XA21 fused to a C-terminal nuclear export signal (NES) 19 , and Native-XA21-GFP (9-7-2) rice plants.
